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™'^SS/cScS''"''^°^ again rcprogramcjca. A high voltage is necessary for 

iiMtlxKATED CIRCUIT breakdown with the conventional drawbacks thai this 

.... cji^^- The drawbacks include the need for an external 

pis appUcaiion IS a continuation of application Ser. No. voltage with a specific access pad or an internal 

08 ,345 ,117, filed Nov. 28, 1994, now abandoned. 5 voltage, but an internal voltage is less reliable and 

Ts A/-v/*r.^T»,.nN ^r. ^ requires providing a voltage pull-up circuit on the chio. 

BACKGROUND OF THE INVENTION One general -aim of the invention is to provide a particu^ 

1. Field of the InvcmioD l^iJ?' ^^^^^^ ^Pl°^ ^o^^ very low voltage, 
-ru^ • , . . . ^^tx aims of the invention will become aonarent uoon 
The inventioo relates to integrated circuite and, more reading the following descrrotion ^ ^ 

spccificaUy, it relates to the making of irreversible locking cttx^x^t * J 

Clements that can be used to permanently modify the func- SUMMARY OF THE INVENTION 

tions of certain parts of the circuit or access to these parts. According to the invention, it is proposed to make a fuse 

The standard term "fuse" shall be used hereinafter to ^ ^ shaUow NP semiconductor junction 

designate ihesp locking elements, it being understood nev- 15 ^ capable, when it gets heated, of 

cnheless that this is a figure of speech referring to a function °^ diffused in the semiconductor until the junction is 

and that ihc slruciurc of these elements docs not necessarily short^cuited. 

implement a physical fusing operation. state of the junaion can then be detected by a simple 

2. Discussion of the Related Art detection circuit 

Acommon application of fuses in the field of integrated 20 , n^ay include a shaUow, doped semicondu 

circuits relates to chip cards: it is often sought to prohibit n^'fif^^ • ^ ^^f^^P^f* some tenths of a micrometer) 

access, to memor>- zones or to certain functions, the prohi- r ^ semiconductor region having an opposite type 

bilion being applied progressively as these cards go through ^rlJlnfTf"''^. A^^"^ "^""T^ °° ^°P*^ 

the stages of being manufactured and marketed a-^ 'J^t ^""^ capable of getting 

poiats of access authorized and all iu functioL auLrLS '"^ 

if only for testing purposes. Tbta, certain cotifidential data .h/i* v f f^"°! of opposite type could be 

elements have to be made inaccessible: for e«^£ he caS "^ T" ""^^ ^""^'"'^ ^ 

manufacturer does not wish the piograms of Ac opeS ^ formed But u is simple to provide a structure where the 

sj^tem (which are in ihe md-o^y m^ij in KiS ^T^T 'T",^ ^ oppositc.type is a well diffused 

be accessible in read mdde. One « more fILs a«.bS S . ' °^ ""•^"^''vity opposite to that of 

prohibit this MUieno possible reading openiUon. The card ^"f" , u , ■• ^ 

may then be delivered, for example to a provider of a service u ^ °^ The current density 

(a bank, telephone company, etc.). The provider of the »»L "P^t be applied to obtain suflBcient heating and this 

serM-cewillplaceotherprogramsand confidential data in the ^^i"" °f *' the junction may be 

card (in a programmable memory), and may wish to phvsi- ''PP«"™at«ly. 1 millamperc per square micrometer of con- 

cally prohibit read and write access to these proerams 'and P«jod of appUcaUon of the 
data elements. Other fuses could be blown at thi point in 

lime. 40 In the case of standard MOS technology integrated cir- 

Fuses presently used in this type of applicatton include. S'^jjf *??^'?f* ^y implantation of source and 

for example: uiciuoe, dram self-ahgned by a gate, the shallow doped region may 

nolvcrv«anin»«i;r«n ft,... ™i,:^w u » j ^' * region formed simultaneously with these source and 

po ctys^^UhnesUieon fasesin wkch a breakdown cuitcnt dfiun implantations. The doping may be. for example of the 

«apphedioaverythmlayerofpolycryslallinesiUcon, order of itf * to approxim^ely 10^ atScm' K CMOS 

^uSKi^STte^Tf^^ltw""^^ ■ (--Pl-»'^^M'0S)technC.i^pSNc^^^^^^ 

«15lw^ J^.-.^iT' ^ • transistors formed in the P- type substrate and P chamiel 

il^tT" '^•P?"T transistors formed in N tv^e welb. the shallow doped Son 
the conductor wdl be reconsumted over a period of may be made by mean^ of an iiplanution ide^tici to " 

. . ' , ^ ^„ SO source or drain of a P channel transistor in an N tvoe well 

oxide breakdown EfROM m« electricaUy program- A detection circuit may be used to detect the state of the 

mable memory ce Is m which the blank state of the ceU fuse. Tliis detection drcdt may have means for U« forward 

• T'' T K ^ °f bemxen the diffused repTnw^fte 

fSwrl • M 'f t^^^T "P"" " «PP«»« «yP*- ^ biasing mea£ may be a 

irtr-^/ •^"T^''P"fT°^8voltage 55 voltage biasing consistiig of the application of a low 

1 vSr "h^^ "1""' " ""f" ^ voltage.forexampleontheorderoftentbsofvoltsorcu.Tent 

srer^^nTSrif't— ^ 

■^^^^ Ki^j! ^'^'^'^'^ "°' °PPO«'e type of semiconductor region is a forward biased 

m^^culL ^ progressively NP junction voltage (i.e. representafivc of an intact junction) 

'■ ■w»nt'ccDDn\i •,; •„ « or a drop in.voliage at tb?termioals.ofa.low-value resistor 

Wani EEPROM memory cells with a zener diode on (i.e. representative of a junction short-circuited by the 

source or dram, which can be erased once but never metal). 
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Id practice, the threshold of the comparator may be in a 
range between about 0^ to 03 volts and about 03 lo 0.6 
volls. An appropriate value for the threshold is about 0.3 
volts. The threshold value may be produced by a forward 
biased and non-fused diode. 

If, however, the biasing used is a voltage biasing, ihc 
current Bowing in the fuse may be delected and compared 
with a threshold value. For example, 9, current mirror mav be 
provided to delect the current of the fuse and carrv it into a 
resistor so as to create, at the terminals of this resistor, a 
voltage drop representing the current that flows through ie 
fuse. The voltage drop thus created therefore represents the 
state of the fiise. An appropriate choice of the conversion 
ratie^oftfaeimrTcntrm irror and of th e-vatge'of^^-resistonvill" 
make it possible to select a value of voltage appearing at the 
terminals of thfc resistor that, in a binary manner, represents 
the fused or non-fiised state of the fuse. 

In accordance with one fcamrc of a fuse according to the 
invention, the fuse is blo^^n by the application of a forward 
biasing current of the junction. However, it may also be 
desired to read the fuse slate by subjecting it to fora^ard 
biasing. Reading the fiise state using a forward bias mav be 
accomplished by: 

either a comparator with a very low threshold capable of 
distinguishing between an intact fuse exhibiting a voh- 
age drop of 0.6 to 0.7 volts and a blown fuse exhibiting 
a voltage drop of 0.1 to 0.2 volts; 

or another system of precise detection capable of identi- 
fying a difference between the current flowing throush 
a forward biased junction and the current flowing 
through a. junction short<ircuited by diffusion of ahi^ 
minum. 

It is also possftle to read the state of the fuse by reverse 
biasing the junction between the shallow doped region and 
the well in which it is formed. The reading and blowing 
circuitry is more complex but the difference between the • 
blown state of the fuse (i.e. a short-circuited junction) and 
the non-blown state (i.e. a reverse biased junction) is easier 
to detect 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other features and advantages of the invention shall 
appear from the following detailed description, made with 
reference lo the appended drawings, of which: 

FIG. 1 shows a ctoss-section of the fiisc according lo the 
invention; 

FIG. 2 shows a schematic drawing of the fuse blowing 
control and fuse state reading circuit, 

FIG. 3 shows another schematic drawing of the blo'Ring 
and detection circuit; 

FIG. 4 shows an alternative schematic drawing illustrat- 
ing reading of a reverse biased junction.* 

. DETAILED DESCRIPTION 

The fuse according to one aspect of the. invention there- 
fore essentially has a shallow PN semiconductor junction 
covered with metal. The metal is capable of diffusing into 
the junction in response to a rise in temperature, to the cxieni 
of short-circuiting the junction. 

The junction is forward-biased during the blowing of the 
fuse as well as during reading of the state of the fuse. 

In the exemplary embodiment of FIG.' 1, the junction is 
iocmedhy a semicohductor region 12 of the P+ t^-pe formed 
in an N type weU 11, itself formed in a P« type of 
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semiconductor substrate 10. The types of conductivity could 
furthermore be all reversed. 

The semiconductor may be sDicon. 

The P+ type region 12 may be demarcated latcraUv by 
thick insulating zones 14, preferably made of thick sQicon 
oxide formed by localized thermal oxidation. The size of the 
region 12 may be some micrometers long by some microme- 
ters wide. 

The depth of the region 12 is small: some tenths of a 
micrometer, preferably about 0.2 micrometers. 

The concentration of N type impurities in the well is 
preferably the same as that used to form' the wells of the P 
channel-tr^istots-ol-eM O S integ r ated c ir cuit5rTfai5~cgn-- 
centration is, for example, 10" to 10*^ atoms per cm' 
approximately. The doping imptuity may be phosphorus or 
arsenic, for example. 

The concentration of P+ type impurities in the shallow 
region 12 is preferably the same as thai used lo form the 
self-aligned sources and drains of the P channel MOS • 
traiKistors. This concentration is, for example, about 10" to 
10^° atoms per cm' approximately. The doping impurity 
may be boron, for example. 

The upper part of the region 12 is in contact with a metal 
conductor 16 forming a first terminal A of the fuse. Another 
metal conductor 18, electrically connected to the N- well, 
constitutes the other terminal B of the fuse. The conductors 
may be made of aluminium, for example, which is a metal 
commonly used in the field of silicon integrated circuits. 

Aluminium has good properties of diffusion in silicon in 
the presence of a rise in temperature. This is why ii is 
possible to make the conductor 16 oui of aluminium.' Olher 
metals with similar properties could also be used- instead of 
aluminium. 

The conductor 18 is in contact with an N+ type diffused 
region 20 that is locally diffused on the surface of the well 
and enables the setting up of an ohmic contact between the . 
N well and the terminal B. This N+ region 20 is separated 
from the P+ region 12, for example by a portion of a thidc 
insulator oxide region 14. The N+ region 20 may surround 
the entire region 12. FIG. 1 corresponds to an embodiment 
where the N+ region 20 surrounds region 12, and this is why 
an N+ region 20 is seen on'either side of the shallow region 

The conductor 16 comes into contact with at least one part 
of the surface of the region 12, for example on a surface area 
of 1 micrometer by 1 micrometer at its center. The contact 
is designated by 22 in FIG. 1. 

The fiise works as follov^'s. 

While the fuse is intact, it consiimies a simple NP diode 
between the terminals A and B. When this diode is forward- 
biased by a suflSdenl read current, there is a voltage drop of 
about 0.6 to 0.7 volls at its terminals. The read current is 
adjusted by a current source. The read current applied may 
be some microamperes for a junction surface area of about 
10 square micrometers. 

To blow the fuse, a high current is applied lo its terminals 
in forward bias, resulting in a current density possibly 
reaching a value of about 1 milliampere per square 
micrometer at the position of the contact 22 between the 
metal of the terminal A and the P+ region 12. The ohmic 
resistance at the position of the contact is substantial, 
because the region 12 is not heavily doped. The heating by 
the Joule effect prompts a substantial rise in temperature in - 
the vicinity of the contact, melting the aluminium 'and 'the 
silicon in the vicinity of the contact. Aluminium and silicon 
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form a eutcctic material at a far lower temperature than the Accnrrfinc tn nm. i.mK«H;m-r,» tu. • 

mehingtepperam^^^^^^^^^ ^.r^^^^S^U^Z/^^^^^^ 

Iht aluminium ihen-diffuses mto the silicon, towards the preferably about 0.2 volts to 03 

juncliofj ben^^een the region 12 and the N well If a sufficient u , . , 

quantity of aluminium diffuses into the vicinity of the NP 5 w x ■ " A (measured with respect to the ground 

junction, then the NP junction will be practically short- X^) gf"tf^«hfn t^^s threshold, the fuse is considered to 

circuited. The fuse is then in its blown stale. The period of ^ ^ ^® ^ considered to be blown, 

application of the currcntmay be some seconds, for example . example shov^ij in FIG..2, the threshold comparator 

10 seconds, to achieve this result In order to facilitate this ^ consiiiuicd quite simply by an N type transistor T2 with 

• process, the NP junction is shallowly located with respect to 10 ^ ^^^^shold voltage (Vl equal to about 0.2 volts), 
contact 22. This iracsisior has its gate connected to the terminal A and 

In the blov.-n stale, the fuse no longer behaves like a diode !^ ^ scrics-connccled with a P channel bias transistor T3 that 

but like a simple low-value resistor. The reading current ^ coDducti\'e by its gate connected to the ground Vss. 
appHedr for^yanq)le-some-micrDampefesr gettftfates a drop ' " -^^^^^^^^^^^^^-^-"^^ 

in voltage Which can hardly exceed some tens of milli%'olts. 15 .^^^^^S the doping of its channel with P type impurities 

This voltage d^op is far less than the drop in voltage at the ^ ^ channel transistors of the circuit which • 

terminals of the intact junction. ^^^'^ ^ threshold voltage of about 1 volt. 

In order 10 be used as a circuit locking element, the fuse transistor T2 is a so-called "native" Iran- 
is placed in a circuit that enables both an electrical blow-out ^ P°"^^, of junction between the drains of the 
command and a state detection command. Ablow-out com- 20 ^^^^^^ T2 and p consamte the output S of the com- 
mand circuit and a state detection circuit arc therefore ^^^^^^ c ^^^^^^ ^ * *^Snal represenUng 
associated v^nih the fuse ™ ^^^^ " *^g°^ ^ close to Vss if the fuse is 

-nie use of a direct reading fiise has the advantage that one Jj'tf * ^f,"^^^^^ ^ TTiis signal may 

of the terminalsof thisdiode ispermanentlyconnected to the " desired, for exanyle to prohibit a path of access 

ground, llierefore, attempts at^f^^^ . ^^^^^^^^^^^ 

HG. 2 shows a simple example illustrating the principles or t u .u , r . . 

of this circuit. Qrcuils of greater sophistiluon may be J^^ 3 shows another example of a circuit for conlroUing 

provided »*ii«»uon may oe ^nd reading the stale of the fuse. In this drawing, the fuse F 

The fuse is designated by tlie reference F in HG 2 k ^^^^'^ ' ^T^'V ^ ^''""^^^^ "^^ 

Th^ i.rrr.- I'D f .u A ' rewrcDoe.r m rui. ^. having iis source connected to the terminal A and its drain 

-nietermma^Bofthefuseus^nnectedtothegr connected to a P chamiel transistor T5 furthermore 

""V^' ^f^^^' "^^^^ nectedloVcc).lliebiasingofthefuse sLT^^^^^^^ 

it Xf^^Z^^^ ^ •^'"^'^^ • ^'^^^^Se biasinV It is suchlhat the NP junction tends to be 

Th. t.Lf„,i a ' f fi • . . for%vard.biased. The voltage appUed in this embodiment 

The terminal A of the fuse IS connected to a terminal of a maybe tenths of volts, for example. This is obtained throuch 

brcakdo\%Ti transistor Tl, the other terminal of which is a biasingof lhegateofT4by a SansistorTT anda transist^ 

conncctedto aposilivesupply terminal Vccoft^ T8. Tne N". channel transistor T7 is connected as a diode 

circuit. ITiis voltage is the normal supply voltage of the betwecnihegaieofT4andtheground Vss. The transistor!^ 

integrated arcuit, for example about 3^5 volts, because the is connected between Vcc and T7 and gives a supply cunent 

1 40 ^° ^ «"^Pl^' ^ <^«t is obtained by a current 

require any P«^cularly high btow-out voltage, unlike the mirror (TS. T8) from the current flowing through the fuse 

fus« used in EPROM memory cells. Tliis sets up a negative feedback between the current Bowing 

me gate of the blow-out transistor Tl m&y receive a through the fuse and the voltage bias of this fuse. This 

blowout command CL This command is a voltage that feedback has the advantage of increasing the dynamic range 

enables the transistor Tl to be made conductive. The com- 4. of variation of the output signal 

mand voltage is a Rositive voluge with respect to Vss if Tl ■ ' For reading of the state of the fuse, a circuit is provided 

cl^^^,. V« ^1"°?'" p "f'^V "^"^ ""^^I^^^ ' ■ to conven the current fio^^ing through the fuse into volt age. 

close to Vss If n IS a P channel uansistor). For this purpose, there is provided a transistor T6,connccrcd 

inc dmiensions of the transistor Tl are chosen so as to let as a cunent mirror with respect to T5. This current mirror 

through a cunent sufficient for the current density at the 50 mirrors the current in the fuse in a resistor R. The junction 

contact 22 10 result m a temperature rise that will catise the point between the fcsislor R and the transistor T6 the 

contact metal to diffuse into the semiconductor. According to output S of the circuit If the fuse is intact, the current that 

one embodmsenl. transistor Tl is capable of letting through flows through it is relatively low and the current in the 

one miliiampcre. resistor R is also bw, Tbe vohage at the terminal S is close 

The blow-cut command circuit may be as simple as only 55 to Vss. If, on the contrary, the fuse is blown, the current is 

• this transi«or Tl. far greater in the fuse and therefore is correspondingly 

For reading the state ofthe fuse, there is provided a circuit greater in the resistor R. The voltage at the output S 

comprising a current source SCL to direct a read current of approaches Vcc. It is thus possible to detect the sute of the 
some microamperes into the fuse, from the 'terminal A to the 

terminal B. The 'current source is therefore connected eo A transistor T9 (P channel transistor) connected be tv^'cen 

between the terminal Vcc and the terminal A of the fuse. Vcc and the gate of T4 ensures that the circuit starts up 

There is therefore a cunrent bias of the fuse in a direction properly when the voltage is turned on but docs not play any 

causing the NP junction to be forward-biased. The terminal role thereafter. It has very low capacity to conduct current, 

A is furthermore connected to the input of a threshold because it has a great length and small width, 

.comparator CMPS thai has an output S. The signal appear- 65 Finaily, a transistor TIO capable of conducting substantial 

• mg at output Tcnmnai S mdicates Whether the voltage' at A - current pla>*s the rolff of the transistor Tl of HG. 1 to blow 
IS greater than or lower than a predetermined threshold. the fuse 



